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Structure design on SH wave electromagnetic acoustic transducer (EMAT)
YANG XU*  AKIHIRO TAGAWA*  MASASHI UEDA* TAKUYA YAMASHITA*

Abstract

EMAT is being used for the volume inspection under high temperature environment in the neighborhood
ISI (In Service Inspection) of MONJU reactor vessel. In order to improve the operability and durability
of ISI instruments, the weight halving of the inspection robot is required. In this connection, it
becomes necessary and important to lighten some related assemblies of EMAT.

In the present research, along with the light weightization of SH wave EMAT, the feasibility to
reduce the weight of general magnet structure in accordance with the characterization of magnetic
flux density distributions is analyzed. In additiom, it is found that the Halbach magnet arrangement
can be used as a magnet structure of SH wave EMAT.

Numerical simulation of a static magnetic field analysis is employed for characterizing the magnetic
properties of the general magnet structure of SH wave EMAT, and the Halbach magnet arrangement. The
magnetic flux density distributions in both structures are compared with each other to search for
a more powerful magnet structure.

It is noticed that the magnetic properties of magnet structure are analyzed only at room temperature
in this report.

The main analysis results are summarized as follows:

1. Halbach magnet arrangement can be used as a magnet structure of SH wave EMAT.

2. Halbach magnet arrangement has a more powerful magnetic flux density distribution than that for
the general magnet structure. In the case of a magnet arrangement with 2. 5 mm half-period, the maximum
value of magnetic flux density along the normal direction in the Halbach magnet arrangement (magnet
thickness a=b=1.25 mm) can be as large as 1.6 times of that in the general magnet structure.

In other words, by using Halbach magnet arrangement, apowerfulSHwaveEMATcanbecomposedcomparing
with the general magnet strueture, even if nearly the same amount of magnet is used.

3. The dependence of the magnetic flux density along the normal direction on the magnet height
dimension L is weak in the magnet structure of SH wave EMAT. This is considered to be due to the
interaction between the magnetic fields of the adjoining magnets. In the case of the arrangement
half-period being 2.5 mm, a dimension of 5 mm in height is found large enough to yield nearly the
strongest magnetic flux density distribution. Nevertheless, it is better to use the magnet structure
with 7 mm height dimension if the dispersion variation of magnetic property during the production
process is taken into account. This result is of significance. Tt implies that, to reduce the weight
of EMAT, one is only need to decrease the height dimension of magnet to an appropriate size.

4. The larger arrangement half-period gives rise to a better liftoff performance. However, it is
usually difficult to balance between an appropriate arrangement half-period and a good liftoff
performance. Because a magnet structure with large arrangement half—period should have a good liftoff
performance but it has to work in lower frequency range, results in a worse detection resolution.

It should be emphasized that the work to design the magnet structure of SH wave EMAT for use at
elevated temperature has to be undertaken and the optimization of the paremeters of FMAT is necessary.
This will be addressed in detail later.

# ISI system development group, International Cooperation and Technology Development Center, JNC
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